Serial No. 09/828,627 

(12) INTERNATIONAL APPUCATION PUBUSHI20 UNDER TOE PATENT COOPERATION TREATY (PCT) 



(19) W rid Intellectual Property Organization 

Inicmational Bureau 



lUBimiiiffiiniQiiiDiimiiffi 



(43) International Publication Date 
3 May 2001 (03.05^001) 



PCT 



(10) International Publication Number 

WO 01/30141 Al 



(51) InieniatMMUil Patent ClasdScatloa^: AGIN 1/02 

(21) Intenutional Application Nuabcn PCr/GBOO/04078 

(22) International Filing Date: 23 October 2000 (23. 10.2000) 

(ZS) FlUng Language: English 

(2«) PablicaliMi Laagnage: Bi^ish 

(30) Priority Data: 

«VI61.194 22 October 1999 (22.10.1999) US 

November 1999(1^11.1999) GB 

22 May 2000 (22.05 JiOOO) GB 



001237X9 



(71) Applicant (Var ail designated Stales except tifi): 
QUADRANT HOLDINGS CAMBRIDGE UN- 
ITED [GB/GB); I Mere Way, Ruddington. Nottingham 
NGll 6JS (GB). 

t (72) Inventor; and 

I (75) Inventor/Applicant ()%>r C'^'on/K): STIENSTRA.Stofler 
: (NL/DEJ-.ZumWylenneer 31. 47559 Zyfflich(I)li). 

I C74) Agent: GILL JENNINGS & EVERY: Broadgate House. 
: 7 EldonSueet, London EC2M7LH(GR). 



(81) Designated States (national): AE, AC. AU AM, AT. AU. 
AZ. BA. BB, BG. BR, BY. BZ. CA. CH, CN. CR. CU, C7- 
DE. DK. DM. DZ. EE, ES. R, GB. GD. GE. GH. GM. IIR, 
HU. ID. IL. IN. IS. JP. KE. KG, KP, KR. KZ. LC. LK, LR. 
LS. LT. LU, LV, MA. MD. MG. MK, MN. MW, MX. MZ 
NO, NZ. PL, FT. RO. RU. SD, SE. SG. SI. SK, SL. TI, TM, 
TO, TT. TZ. UA. UG, US. UZ. VN, YU,ZA. ZW. 

(84) Designated &atcs fregitmal): ARIPO patent (GH. GM. 
KE. LS. MW. MZ, SD, SL, SZ. TZ, UG. ZW). Eurasian 
patent (AM. AZ, B Y. KG. KZ, MD. RU, TI. TM). European 
patent (AT. BE. CH. CY. DE. OK. ES. H. FR, GB, GR, IE. 
rr, LU. MC NL. PT. SE). OAPI patent (BR BJ. CF. CO. 
a. CM. GA. GN, GW. ML, MR, NE, SN. TD. TO). 



fftih international search report 

Before the etpiration of the time limit for amending the 
claims and to be republished In the event cf receipt of 



For two-letter codes and other abbreviations, refer to the 'Guid- 
ance Notes on Codes and Abbreviations ' appearing al the begin- 
ning cf each regular issue of the PCT Gazette. 



1^ (54) Title: K-ATELET STABIUSATION 

o 

O Abstract: A method for the production of stabilised platdas. compiises the steps of: (i) pre-activating platelets, to induce tlie 
fonnaiion of niinovestcles; Qi) contacting the pre-activated platelets with a caibohydraie. whereby the carbohydrate is incoiparaied 
^ into the platelets; and (iii) drying the thus-loaded platelets. 



wo 01/30141 



PCT/GBOO/04078 



PLATELET STABIL,I$AT1C)N 

Field of the Inv ntion 

This invention relates to methods for incorporating carbohydrates into 
piatetets, to stabilise the platelets during storage. 
5 Background to the Invention 

Blood platelets are one of the complex components involved in 
maintaining haemostasis. When the vessel wall is damaged, platelets adhere 
to exposed surfaces composed of collagen, microfibrils, and basement 
membrane. Adherent platelets promote the recruitment of other platelets to form 
10 an aggregated mass called a haemostatic platelet plug. The result is to activate 
coagulation proteins which provide the network to stabilize the platelet plug and 
reduce bleeding, allowing tissue repairs to occur. 

Platelets are transfused to patients for many clinical indications. For 
instance, platelet infusions are used to correct deficiencies or dysfijncttons of 

1 5 circulating platelets as a result of trauma, disease, or drug induced dysfunction. 
Patients suffering from idiopathic thrombocytopenia and those undergoing 
ablative chemotherapy are treated with platelet infusions. The increasing use 
of ablative chemotherapy for a wide variety of malignancies has resulted in an 
increased need for replacement platelet therapy. 

20 A major difficulty in using isolated platelets is their short sheif-tife. 

Platelets are only approved by the Food and Drug Administration (FDA) for 
storage in a liquid state for up to five days at room temperature, during which 
time the functional properties rapidly deteriorate. This causes many logistic 
problems in both civilian and military medicine. 

25 Further drawbacks of storing platelets in a liquid state include the 

necessity of considerable storage space and constant agitation within bags of 
specially developed gas permeable plastics. Typically, single buffy-coat- 
derived platelets are stored in a suspending plasma volume of 45 to 65 ml. 
Recently, a study reported liquid storage establishing a minimum' plasma 

30 volume of 30-50 ml (Home et al. (1 994) Transfusion 34:39; and Ali et al. (1 994) 
Transfusion 34:44). This storage method still requires considerable space. 
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howev r, and the shelf life is not extended beyond approximately five days. Th 
major probi m wrth jiquid storage is that the platelets need to be stored at 
approximately 20°C. as even short periods of exposure to lower temperatures 
during storage result in substantial changes in their in wVo and in vitro 
5 properties (Moroff G. et a/. (1 994) Transfusion 34:31 7). As this storage usually 
also requires agitation of the platelets during storage at about 20'*C often in the 
presence of glucose, this presents optimal conditions for bacterial growth and 
this is a major problem with the storage of liquid platelets. 

To minimise the problems of bacterial growth, refrigerated storage at4°C 
10 orfrozen storage at -60"C has been proposed. However, this requires methods 
to prevent Vne cold-activation of the platelets to t>e stored and the possible use 
of cryo-protectants. This method would however, require extensive washing of 
the platelets, to remove the cryo-protectants, before therapeutic use. 

in addition, platelets are activated during the process of freeze drying 
1 5 and can only be used as a heamatology standard. The electrokinetic properties 
of the preserved platelets. are different from those of fresh matched platelets. 
Other attempts at lyophilizing platelets have met with suboptimal results. Fixing 
the platelet prior to freeze-dryrng improves their function, but these freeze-dried 
platelets need to be stored frozen at -80°C. (Read et al. (1995) Proc. Natl. 
20 Acad. Sci. 92:397). 

WO-A-g8/34478 discloses methods for stabilising platelets by 
incorporating the cartohydrate trehalose into the platelets, and then drying in 
the presence of a stabilising carbohydrate. The preferred method for 
incorporating the trehalose into the platelets is electropermeabtlisatlon. 
Although this technique does result in high uptake of trehalose, the technique 
has the disadvantage of activating the platelets, and it can only t>e applied on 
a small scale unless expensive equipment is used. 
Summary of the Invention 

The present invention is based on the realisation that platelets-can be 
loaded with high concentrations of a carbohydrate sugar by pre-activating, but 
not fully activating, the platelets. Without wishing to be bound by theory, this 
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may involve inducing the platelets to form microv sides which incorporate 
carbohydrates on theirfbrmation, and then allowing uptai< ofth microvesici s 
by the platelets. 

According to the present invention, a method for the production of 
5 stabilised platelets comprises the steps of: 

( i) pre-acti vating platelets, to induce the formation of microvesicles; 

(ii) contacting the pre-activated platelets with a carbohydrate, 
whereby the carbohydrate is incorporated into the platelets; and 

(iii) drying the thus-loaded platelets. 

10 The present invention provides a suitable method for high efTicient 

loading of platelets with a suitable carbohydrate, which can be carried out on 

a large scale and is sufficiently gentle to prevent activation of the platelets. 

After incorporation, the platelets may be dried by any suitable means. 

preferably in the presence of an external carlxjhydrate, for storage and 
15 transport. 

Description of the invention 

The present invention is based at least in part on the realisation that 

microvesicle formation can be used to incorporate carbohydrates into platelets. 

without activating the platelets. Microvesicles are formed on the pre-activation 
20 of platelets, which is a well defined mechanism that has apparently been 

developed for the communication of signal molecules such as CD62p. 

Pre-activation (a term which will be understood by those of ordinary skill in the 

art) can be induced by many methods, including treating the platelets to induce 

pressure or stress, e.g. shear stress by, for example, filtration. Leul<ocyte 
25 reduction filters are appropriate for use to induce pressure or stress, e.g. shear 

stress by filtration. Centrifugation and other changes in the environment of the 

platelets may also be used to induce pre-activation. 

Platelets may be obtained by any method known in the art. Typically, 

platelets are obtained by collecting blood into a suitable anticoagulant followed 
30 by obtaining platelet-rich plasma (PRP) by any method known in the art. After 
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a platelet pell t is obtained by centrifugation, the pellet may be resuspended 
in a physiologfcallyracx:eptable solution, prior to pre-activation. 

Typically, step (ii) of the method of the invention is earned out at a 
temperature of from ZZ'C to 41 "C. Step (i), i.e. pre-activation, may also be 
5 conducted at such a temperature. 

The nove( method can be carried out so that there is no further activation 
of the platelets. This may typically be carried out by conducting steps (i) and 
(ii) at least in the absence of caldum or in the presence of a calcium-cheiating 
agents, e.g. EGTA or EDTA However, the addition of such agents is not 
10 preferred for clinical use, and is not necessary if the pH of the platelets does 
not drop too far, e.g. below 6, such that activation occurs. 

Preferably, the carbohydrate to be incorporated is a non-reducing sugar, 
for example sucrose, trehalose or raffinose. Typically, the carbohydrate will be 
present in the composition at a concentration of from 5 mM-60mM, preferably 
15 20mM-60mM and most preferably 40mM-50mM. More generally, the present 
method can be used to incorporate many different cartsohydrates into platelets. 
The preferred carbohydrate used in the present invention is trehalose (a-D- 
glucopyranosyl-a-D-glucopyranoside). 

After the carbohydrate has been incorporated into the platelets, the 
20 platelets may be resuspended in a drying buffer wtiich typically contains a 
stabilising agent. The stabilising agent can be any carbohydrate that effects 
stabilisation of the dried platelets. Preferably the stabilising agent is trehalose. 
Drying the platelets may be carried out according to the description in WO-A- 
98A34478. 

25 The following Example illustrates the invention. 

Example 

Platelet-rich plasma (PRP) or platelet concentrate (PC), having a platelet 
concentration of approximately 1-3 x lO'/ml, was washed twice with a buffer 
(lOOmM NaCI, lOmM KCI. lOmM EGTA 10mM imidazole, pH 7.4) with 
30 centrifugation at 480 g. The pellet was resuspended in the buffer which also 
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contains 30-50mM trehalose. Pre-activation was induced by filtering the 
plat i t concentrate, using a leukocyte reduction fitter at 37'C. 

After the filtering step, the platelets were inculjated at ST'C for up to 5 
hours (optimal time was 2-3 hours). During this time, microvesicles formed 
5 during pre-activation were loaded with trehalose. 

Platelet counts were then olrtained. The platelets were pelleted (45 
seconds at 14000 rpm) and the sugars were extracted using 80% methanol. 
The methanol was then evaporated with nitrogen/air, and the sugar samples 
redissolved in H2O. prior to analysis. The amount of trehalose in the platelets 
10 was quantified using the enthrone reaction (Umbreit et al, Manometric and 
Biochemical Techniques 5th Edition, 1972) and by HPLC. 

As a control experiment, the enzyme trehalase was added and the 
glucose concentration was measured after washing the cells. The original 
amount of trehalose in the cells was calculated and appeared to be similar to 
15 the quantity measured by HPLC. 
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CLAIMS 

1 . A method f orthe production of stabilised pi atelets. comprising the steps 
of: 

(i) pre-activating platelets, to induce the formation of microvesicles; 
5 (ii) contacting the pre-activated platelets with a carbohydrate, 

whereby tfie carbohydrate is incorporated into the platelets; and 
(iii) drying the thus-loaded platelets. 

2. A method according to daim 1 , wherein step (i) comprises a physical 
change in the environment of the platelets. 

10 3. A method according to claim 2, wherein step (i) comprises inducing 
shear stress on the platelets. 

4. . A method according to claim 3, wherein step (i) comprises filtering the 
platelets. 

5. A method according to any preceding claim, wherein the carbohydrate 
15 is trehalose. 

6. A method according to any preceding claim, wherein step (ii), and 
optionally also step (i), are carried out at a temperature of from 33°C to 41 ''C. 

7. A method according to any preceding claim, wherein step (ii) is 
conducted in the presence of a platelet activation inhibitor. 

20 8. A method according to claim 7, wherein the inhibitor is vitamin A. 

9. A method according to any preceding claim, wherein steps (i) and (ii) are 
conducted simultaneously, i.e. the pre-activation is conducted in the presence 
of the carbohydrate. 
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